Abstract -Plasma etching of polymeric material and plasma polymerization of monomers were performed by using two types of reactors, which are a tubular type and a gas flow type reactor. Phenomena of deposition and ablation of organic materials in low temperature plasma are discussed in relation to the practical processes.
INTRODUCTION
Plasma chemical processes of organic material in low temperature plasma are given attention in various fields of technical development. The principal processes are organic thin film coating, surface modification and etching of polymeric substrate. The processes are performed under irradiation of electrons, ions, protons and activated neutral particles in a wide range of energy level. Therefore, the phenomena in the processes are usually complicated and the process is difficult to be regulated. However, several kinds of applications were attained because of technical developments of evacuation systems, discharge power sources, diagnostics and surface analysis.
In this study, several experiments on plasma etching of polymeric material and plasma polymerization were performed by using two types of reactors, which were a tubular type and a gas flow type. The interaction between plasma and polymeric materials in low temperature plasma will be discussed. Recent results of application will be also introduced.
GENERAL FEATURES OF PLASMA CHEMICAL PROCESSES FOR ORGANIC MATERIALS Effect of Energetic Particles Irradiation On Vinyl Polymers
It is well known that the plasma chemical process is affected by chemical propertst of polymeric materials under the plasma irradiation. Lawton et al.(ref. 1 and 2) classified conventional vinyl polymers into two groups as shown in Crosslinking occurs when the polymer containes at least one a hydrogen atom. On the other hand, degrading occurs when the R1 is CH3 irrespective of the structure of R2. The etch rate for polymer degraded by high energy radiation was proportional to the Gs value, the efficiency of chain scission per 100 eV of absorbed high energy radiation as shown in Table 2 . The etch rates were also measured for polymer crosslinked by high energy radiation. Some polymers showed larger relative etch rates than those of polymers listed in Table 2 . It was also shown that the strong backbone bonds, aromatic and polar functional groups and metaeuc atoms decreased the removal rates, but chlorine present in the polymer catalyzed removal. Plasma etching by using other gases was also studied. Yasuda et al. measured weight loss rates of polymers under helium plasma at a pressure of 13.3 Pa and a discharge power of 30 Watts in a gas flow type reactor as shown in Table 3(ref. 7) . Polymethacrylic acid showed relatively large weight loss rate even if it belongs to crosslinking polymer. Usually, plasma etch rates of degrading polymers are relatively large compared to those of crosslinking polymers. However the absolute etch rate will be affected by molecular structure, constitutive atom ratio in the polymer and energy level of activated particles in the process. The etch rate usually increases with increasing oxygen ratio in the polymer.
Plasma Polymerization Bradley et al. reported that plasma polymerization could be performed for any kind of monomer and the growth rate varied depending on the monomer structure even if polymerized films showed similar characteristics(ref. 10).
Effect of monomer structure on the plasma polymerization was studied by Yasuda et al. using pulsed radio frequency discharge(0.1 msec on and 0.9 msec off at a frequency of 13.56 MHz) at a lower pressure than 26.6 Pa(ref. 11). As shown in Table 4 , pressure parameter & and deposition rate of various monomers were measured in continuous and pulsed radio frequency discharge. The effects of pulsed discharge on the polymerization will be speculated from the co-relation between the change of pressure parameter S and deposition rate. The author reported that the effect of the pulse was different from one group of organic compounds to another depending on whether or not they contain an olefinic double bond and/or a triple bond. The main difference seemed to be the addition polymerization which can occur exclusively during the off-period of pulsed discharge. Properties of polymers formed in continuous and pulsed discharge from some organic compounds were found to be significantly different, and the differences were postulated from the changes of polymerization mechanisms in pulsed discharge.
Buzzard et al. reported that linear chain polymer of tetrafluoroethylene could be formed on substrate placed in Faraday cage, in which radical can diffuse through wire netting from the discharge region(ref. 12).
These recent experiments suggest possibility of molecular design of polymer through plasma chemical process by controlling the discharge. 
EXPERIMENTAL
The experiments were performed by using two types of reactors as shown in Fig.2 (a) and (b). They are a tubular type reactor which is discharged by parallel plate electrodes and a gas flow type which is discharged by an induction coil. The both reactors were operated at a discharge frequency of 13.56 MHz.
Gas Inlet In the ioderate glow discharge condition, it is supposed that ionized and neutral activated particles in the plasia affect on the etching phenosena differently in the two types of reactors. In the tubular type reactor, the etch rates did not distribute widely and it is thought that boi,bard.ent by ionized particles becomes significant. Whereas, it is supposed that sputtering of polymeric substrate by ionized particles is predominant mechanism of etching. Possibility of in-homogeneous sputtering by ionized particle bombardment will be rejected because ion bombardment at 300 eV formed smooth etched surface and the energy of ionized particles will not exceed 300 eV in the plasma(ref. 8).
However, the bobtbardment by ionized particles becomes to decrease in the gas flow type reactor, because there is no electrical field perpendicular to the substrate. Therefore, the plasma etching in the gas flow type reactor will be performed by chemical etching of ac:tivated neutral particles. The wide distribution of etching rates and pock marks formation will be referred to the chemical reactivity of etching gas plasma.
Plasma Polymerization of Crosslinking Polyaer(ref. 27)
In this experiment, Ar and H2 were used as carrier gases and methane and ethane were used as reaction gases in two types of reactors. In case of a gas flow type reactor, the deposition rate was too small to detect the film weight at the lower pressure than 20 Pa. However, methane and ethane were polymerized on the silicon wef a placed on the lower electrode at the same pressure by using the tubular type reactor. The molecular structure was studied by Fourier Transform Infrared Spectroscopy(FT-IR). FT-IR spectra of the films showed that the absorption peaks belonging to C-H and CC bonds were negligibly small as shown in Fig. 4 . As shown in Table 6 , the refractive index ranged between 1.8-2.6 which was larger than that of conventional polyethylene(about 1.5). The films were transparent at the optical wave length and hardness of the film was higher than that of the film formed at higher pressure than 50 Pa. Carbon atom was detected by ESCA measurement. But at the same time, fluorine(F), aluminium (Al), silicon(Si), and oxygen(0) atoms were also contained in the film. The contamination was decreased markedly by covering the polyterafluoroethylene(Tefron) insert with polyethylene film and the deposition rate of the film was improved apparently. Therefore the contamination was referred to the dissociated F atom from the Tefron insert in the reactor, which etched off Al from Al foil covering the discharge electrodes and Si and 0 from the glass wall. It is thought that the dissociation of F atom from the tefron insert was enhanced at the low pressure, because the glow region of discharge is diffused into the whole reactor.
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Wave Numbers (cm-) ETC' 2' BI1PPTGa joLaGq pA blaaaa When the gas flow type reactor was used, plasma polymerization of TMS in 02 plasma was performed on the CR-39 substrate succesfully without under-coating. When dimethyldimethoxy-silane(DMDMOS, Me2Si(OMe)2) was used as a monomer, the plasma polymerized film showed the excellent properties as a protective coating on CR-39 for an optical application. Its properties are adhesion, hardness and transparency. Organo silicon is known to be useful as a binder between plastics and selamics. As shown in Fig. 6 , plasma polymerized DMDMOS in 02 plasma indicated absoption peaks around 2900 1270-1255 c.', 1100-1000 ca and 820-900 which are assigned to C-H stretch, Si-CH3 bend, Si-0 stretch and Si-H bend, respectively. Whereas these molecular structures sustain the good adhesion, hardness and transparent properties. Relative transmittances of the films are shown in Fig. 7 .
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PLASMA CHEMICAL PROCESSES IN VACUUM LITHOGRAPHY
A completely dry lithography has been proposed which involves plasma polymerization for resist coating and plasma development. It was named vacuum lithography becauseall processes are performed in vacuum. Plasma polymerized resist is an example of functional polymer.
There have been a significant improvement in the sensitivity of plasma polymerized dry developable electron beam resists so far we tried, as listed in Table 8 . The development have been brought about first by employing gas flow type plasma reactor then by using co-polymerization with plasma etch resistive monomer and by adopting heavy atom sensitization. By using a vacuum lithography, a photomask of sputtered chromium film was fabricated successfully on glass substrate. Fabricated pattern was 4 am lines and spaces as shown in Fig. 8 . . .
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